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MediciAbstract—The goal of the work described here was to evaluate the utility of acoustic radiation force impulse
(ARFI) imaging, a novel elastography technique, for differentiating benign from malignant salivary gland
tumors. With the use of conventional strain elastography (SE) and ARFI imaging with a four-pattern scoring sys-
tem, 185 tumors were examined (163 benign/22 malignant). When a score of 3 was used to define malignancy,
the sensitivity, specificity and accuracy were higher for ARFI imaging (77.3%, 63.8% and 65.4%, respectively)
than for conventional SE (54.5%, 56.4% and 56.2%, respectively). ARFI imaging findings revealed that most
(92%) Warthin tumors, but only 24% of pleomorphic adenomas, were benign (score: 1 or 2). Attenuation of
acoustic push pulses made it difficult to determine the stiffness of malignant tumors in the deep parotid lobes.
Thus, ARFI imaging is a useful tool for screening Warthin tumors and exhibits high sensitivity for malignant
tumors of salivary glands, other than deep parotid lobe tumors. (E-mail: eriko0521@hotmail.co.jp) © 2020 The
Author(s). Published by Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Ultrasonography (US) and magnetic resonance imaging
(MRI) are the primary imaging techniques used to evalu-
ate salivary gland tumors (Izzo et al. 2006;
Burke et al. 2011). US is more advantageous than MRI
for multiple reasons: It provides real-time data, is cost-
effective and is highly versatile. In addition, US equip-
ment has advanced dramatically in recent years and is
now capable of evaluating finer blood flow and stiffness
in the target tissues. Consequently, US application in the
diagnosis of salivary gland tumors has elicited ongoing
interest. However, the accuracy of a US-based diagnosis
depends on the examiner’s experience and diagnostic
skills (Choi et al. 2010; Kim et al. 2010). These exami-
nations are highly subjective and complicated by the
presence of many evaluation items, such as shape,
boundary, internal structure and homogeneity.ddress correspondence to: Eriko Matsuda, Department of Oto-
logyHead and Neck Surgery, Tottori University Faculty of
ne, Yonago 683-8504, Japan. E-mail: eriko0521@hotmail.co.jp
279Elastography is a simple technique that involves
specific evaluation of tissue stiffness (i.e., softness or
hardness). However, during conventional strain elastog-
raphy (SE) using manual compression, tissue stiffness is
expressed as a color map that changes dynamically
depending on the variation in manual compression. This
necessitates the selection of a suitable image from
changing data. Thus, the accuracy of conventional SE
examination depends on the examiner’s experience level
and predisposition for image selection (Westerland and
Howlett 2012). In fact, the diagnostic accuracy of con-
ventional SE for differentiating benign and malignant
salivary gland tumors varies from 55.4%94.0% in sev-
eral published reports (Bhatia et al. 2010;
Dumitriu et al. 2011; Celebi and Mahmutoglu 2013;
Li et al. 2016; Cortcu et al. 2018; Karaman et al. 2019).
Recently, acoustic radiation force impulse (ARFI)
imaging, a novel elastographic technique that uses
acoustic compression, has been applied in clinical prac-
tice. Unlike conventional SE, ARFI imaging eliminates
the examiner’s subjectivity when selecting an image
280 Ultrasound in Medicine & Biology Volume 47, Number 2, 2021because only one image is obtained for each acoustic
compression. Furthermore, although conventional SE
measures strain on the tissue under manual compression
using the whole probe, ARFI imaging measures dis-
placement by evaluating the detailed differences in tissue
stiffness in response to fine compression, utilizing an
acoustic push pulse. In fact, ARFI imaging has been
described in the literature as being superior to conven-
tional SE when differentiating between benign and
malignant tumors in regions of the breast and thyroid
gland (Tozaki et al. 2011; Xu et al. 2014;
Fukuhara et al. 2018). This study aimed to elucidate the
utility of ARFI imaging in differentiating benign from
malignant salivary gland tumors.
METHODS
Patients
Consecutive patients who visited the Department of
OtorhinolaryngologyHead and Neck Surgery of Tottori
University Hospital between August 2014 and August
2019 were enrolled in the study if they met the following
inclusion criteria: They had undergone examinations
using US; received cytologic or pathologic confirmation
of salivary gland tumor after the specimen examination;
and received a diagnosis of a primary salivary gland
tumor. Patients were excluded when the histologic type
could not be diagnosed, or if complete US and elastogra-
phy data were not available, or when the case involved a
recurrence.
This retrospective study was approved by the Ethics
Review Board of the Tottori University Faculty of Medi-
cine. Informed consent was obtained from all partici-
pants. All procedures were conducted in accordance
with the Declaration of Helsinki of 1975, as revised in
2013.
Procedures
Two head and neck surgeons and one sonographer
performed all patient examinations. One surgeon had
more than 10 and 5 y of experience in performing sali-
vary gland examinations using US and elastography,
respectively. The other surgeon had more than 5 y of
experience using US and elastography in performing sal-
ivary gland examinations. The sonographer had more
than 5 y of experience in utilizing US and elastography
in the examination of the salivary glands.
Ultrasound systems
Ultrasound examinations were performed using an
ACUSON S2000 ultrasound system (Siemens Healthi-
neers, Mountain View, CA, USA), containing a 4- to 9-
MHz or 14-MHz linear transducer for B-mode scans and
a 4- to 9-MHz transducer for elastography.Ultrasonographic examination
All patients underwent examinations of the bilateral
parotid, submandibular and sublingual glands, in the
supine position. The tumors were evaluated using
B-mode US. The diameter of each tumor was measured
at the widest region.
Elastography
For elastography, conventional SE and ARFI imag-
ing were performed. The transducer was held motionless
and in light contact with the skin over the salivary gland.
A region of interest was placed surrounding the tumor
that included the salivary gland parenchyma.
Conventional SE
eSie Touch elasticity imaging was used for conven-
tional SE. This US application display depicts the stiff
tissue regions, soft tissue regions and intermediate stiff-
ness in blue, red and green, respectively. We adopted the
recommendations from Siemens for indicating eSie
Touch elasticity imaging quality, including the use of SE
images with a strain quality indicator >50 for the tumor
(Shiina et al. 2015; Cosgrove et al. 2017). This system
was applied three times at the same location. A four-pat-
tern scoring system was used to grade the conventional
SE images. This is the same system described in pub-
lished reports on salivary gland tumors and the World
Federation for Ultrasound in Medicine and Biology
guidelines regarding the clinical use of elastography for
the thyroid (Bhatia et al. 2010; Dumitriu et al. 2011;
Cosgrove et al. 2017). In the four-pattern scoring system,
scores of 14 represent tumors as follows: 1 = entirely
green; 2 = mostly green with some blue areas; 3 = mostly
blue; 4 = entirely blue (Fig. 1). The images were scored
separately by a board-certified fellow of the Japan Soci-
ety of Ultrasonics in Medicine (JSUM) and a JSUM-reg-
istered medical sonographer. Both of them were blinded
to the histologic findings and tumor diagnoses. When
there were discrepancies between the scores, a final deci-
sion was reached by consensus after discussion. Concor-
dance of the conventional SE imaging scores of the three
images was evaluated for each tumor. Thereafter, the
percentage of tumors with matching scores on the three
images was determined.
ARFI imaging
The Virtual Touch imaging system was used for
ARFI imaging. This system was applied three times at the
same location. ARFI images were assessed using a four-
pattern gray-scale scoring system, with scores of 14 indi-
cating a tumor as follows: 1 =white or white-honeycomb
colored; 2 = light gray or mainly light gray mixed with
white areas; 3 =mostly black or dark gray with some white
or light gray areas; 4 = entirely black or dark gray (Fig. 2).
Fig. 1. Four-pattern scoring system of conventional strain elastography. (a) A score of 1 indicates a tumor that is entirely
green. (b) A score of 2 indicates a tumor that is mostly green with some blue areas. (c) A score of 3 indicates a tumor that
is mostly blue with some green areas. (d) A score of 4 indicates a tumor that is entirely blue.
Qualitative Elastography using ARFI  E. MATSUDA et al. 281The images were scored separately by a JSUM board-certi-
fied fellow and a JSUM-registered medical sonographer,
who were blinded to the histologic findings and diagnoses
of the tumors. When there were discrepancies between the
scores, a final decision was reached by consensus after dis-
cussion. Concordance of the ARFI imaging scores of thethree images was evaluated for each tumor. Thereafter, the
percentage of tumors with matching scores on the three
images was determined. When two images matched and
one image differed, the score of the two matches was cho-
sen. When all three imaging scores differed, the score was
considered indeterminate.
Fig. 2. Four-pattern scoring system of acoustic radiation force impulse imaging. (a) A score of 1 indicates a tumor that is
white or white-honeycomb colored. (b) A score of 2 indicates a tumor that is light gray or mainly light gray and mixed
with white areas. (c) A score of 3 indicates a tumor that is mostly black or dark gray, with some white or light gray areas.
(d) A score of 4 indicates a tumor that is entirely black or dark gray.
282 Ultrasound in Medicine & Biology Volume 47, Number 2, 2021Parotid glands have a high fat content and are, thus,
hyper-echoic, with marked attenuation of US waves.
Consequently, tumors in the deep parotid lobe are often
difficult to be detected from gray-scale images during aUS assessment (Bialek et al. 2006). Therefore, we
focused only on parotid gland tumors and divided these
cases into those with superficial lobes and those with
deep lobes. Surgical findings and MRI were used to
Table 1. Basic characteristics of the patients and salivary gland
tumors
Benign Malignant p value
Patients
Number 147 21
Sex (male/female) 89/58 14/7






Longest diameter (mm) 27.6 § 12.1 31.5 § 14.9 <0.001
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cases, the findings were reviewed, and the tumors were
judged to be deep lobe tumors when they were deeper
than the facial nerve. In all other cases, the tumors
were judged to be deep lobe tumors when they were
deeper than the position of the parotid duct or the retro-
mandibular vein, as observed in MRI findings
(Imaizumi et al. 2009). Thereafter, the diagnostic accura-
cies of conventional SE and ARFI imaging procedures
were compared. In addition, the reproducibility of con-
ventional SE and ARFI imaging was evaluated.* Mean § standard deviation.
Statistical analysis
Analysis was performed using SPSS Statistics for
Windows, Version 25 (IBM Corporation, Armonk, NY,
USA). Descriptive statistics were used to summarize the
characteristics of the study group and were expressed as
the mean § standard deviation. The diameters of benign
and malignant tumors were compared using the Man-
nWhitney U-test. Elastographic scores were dichoto-
mized using a cutoff value between 2 and 3 to
distinguish the benign and malignant tumors. Sensitivity,
specificity and diagnostic accuracy of conventional SE
and ARFI imaging for malignant tumors were calculated
using a x2-test. For all statistical tests, a p value <0.05
was considered to indicate statistical significance.RESULTS
A total of 185 tumors found in 168 patients were
included in the analysis (Fig. 3). Demographic data from
the patients and basic characteristics of the salivary
gland tumors are summarized in Table 1. The tumors
corresponded to the following regions: parotid gland,
169; submandibular gland, 15; and sublingual gland, 1.Fig. 3. Flowchart of patient selection for this studThere were 163 and 22 benign and malignant tumors,
respectively. Mean tumor sizes were 27.6§ 12.1 and 31.5
§ 14.9 mm for the benign and malignant tumors, respec-
tively. The benign tumors included 87 Warthin tumors, 68
pleomorphic adenomas, 3 basal cell adenomas, 3 oncocy-
tomas, 1 myoepithelioma and 1 cystadenoma (Table 2).
The malignant tumors included 5 mucoepidermoid carci-
nomas, 4 salivary duct carcinomas, 4 squamous cell
carcinomas, 3 epithelial myoepithelial carcinomas, 2 car-
cinoma ex pleomorphic adenomas, 2 adenoid cystic
carcinomas, 1 myoepithelial carcinoma and 1 large cell
undifferentiated carcinoma.
Accuracy of differentiation between benign and
malignant tumors
Table 3 lists the scores determined via conventional
SE and ARFI imaging. For benign tumors determined by
conventional SE, scores of 1, 2, 3 and 4 were recorded in
38 (23.3%), 54 (33.1%), 47 (28.8%) and 24 (14,7%)
cases, respectively. For malignant tumors, conventional
SE scores of 1, 2, 3 and 4 were recorded in 2 (9.1%), 8
(36.4%), 4 (18.1%) and 8 (36.4%) cases, respectively.y. FNAC = fine-needle aspiration cytology.
Table 2. Distribution of the histologic types of salivary gland
tumors
Histologic type No. Parotid/submandibular/
sublingual
Benign tumors
Warthin tumor 87 87/0/0
Pleomorphic adenoma 68 55/13/0





Mucoepidermoid carcinoma 5 4/1/0
Salivary duct carcinoma 4 4/0/0
Squamous cell carcinoma 4 4/0/0
Epithelial myoepithelial carcinoma 3 3/0/0
Carcinoma ex pleomorphic adenoma 2 1/1/0
Adenoid cystic carcinoma 2 1/0/1
Myoepithelial carcinoma 1 1/0/0
Large cell undifferentiated carcinoma 1 1/0/0
Table 3. Scores for conventional SE and ARFI imaging
Conventional SE score
1 2 3 4
Benign 38 54 47 24
Malignant 2 8 4 8
ARFI imaging score
1 2 3 4
Benign 11 93 37 22
Malignant 0 5 6 11
SE strain elastography; ARFI = acoustic radiation force impulse.
Table 4. Results of ARFI imaging with respect to histologic
type
Histologic type ARFI imaging score
1 2 3 4
Benign tumors
Warthin tumor 7 73 7 0
Pleomorphic adenoma 3 13 30 22
Other tumors 1 7 0 0
Malignant tumors
Mucoepidermoid carcinoma 0 2 2 1
Salivary duct carcinoma 0 0 0 4
Squamous cell carcinoma 0 0 0 4
Epithelial myoepithelial carcinoma 0 1 2 0
Carcinoma ex pleomorphic adenoma 0 0 0 2
Adenoid cystic carcinoma 0 2 0 0
Myoepithelial carcinoma 0 0 0 1
Large cell undifferentiated carcinoma 0 0 0 1
ARFI = acoustic radiation force impulse.
284 Ultrasound in Medicine & Biology Volume 47, Number 2, 2021When malignancy was defined using a conventional SE
score 3, the sensitivity, specificity and accuracy were
54.5%, 56.4% and 56.2%, respectively.
For benign tumors, ARFI imaging scores of 14 were
recorded. In 11 (6.7%), 93 (57.1%), 37 (22.7%) and 22
(13.4%) cases, the scores were 1, 2, 3 and 4, respectively.
For malignant tumors, ARFI imaging scores of 2, 3 and 4
were recorded in 5 (22.7%), 6 (27.3%) and 11 (50.0%)
cases, respectively. By use of the aforementioned results, it
was determined that the sensitivity and specificity were the
highest when a score of 3 on ARFI imaging was used as
the cutoff value to classify malignancy. When malignancy
was defined using an ARFI imaging score 3, the sensitiv-
ity, specificity and accuracy were 77.3%, 63.8% and
65.4%, respectively.
Comparing reproducibility of scores between
conventional SE and ARFI imaging
Of the 185 cases considered, 27 were excluded
because conventional SE was performed only once. In theremaining 158 cases, the score match rates for all three
images of conventional SE were 83.5% (132 cases).
In contrast, among the 185 cases, the score match
rates for all three images of ARFI imaging were as high
as 96.2% (178 cases). In 7 cases, one of the three images
had a different score. There were no cases in which all
three images had different scores.Histologic review of ARFI imaging scores
The ARFI imaging scores for each histologic type are
outlined in Table 4. Warthin tumors and pleomorphic ade-
nomas accounted for 96% of all benign tumors. Almost all
Warthin tumors (92.0%) and only 23.5% of pleomorphic
adenomas received a score of 1 or 2. The most malignant
tumors (77.3%) received a score of 3 or 4 on ARFI imag-
ing. Among the malignant tumors, 2 adenoid cystic carci-
nomas, 2 mucoepidermoid carcinomas and 1 epithelial
myoepithelial carcinoma received a score of 2.
Salivary gland cancers were stratified into low/
intermediate and high malignancy groups, according to
the pathologic grade. The results from the ARFI imaging
score comparison between the groups are summarized in
Table 5. As the ARFI imaging scores of pleomorphic
adenomas were high, it was difficult to distinguish the
low/intermediate and high malignancy groups from pleo-
morphic adenoma. Four cases of low/intermediate malig-
nancy of the parotid deep lobe exhibited a benign pattern
of ARFI imaging with a score of 2. In addition, a sublin-
gual cancer exhibited a benign pattern of ARFI imaging
with a score of 2. The pre-operative pathology of the
sublingual cancer indicated internal necrosis.Review of ARFI imaging scores with respect to tumor
location in parotid gland
The ARFI imaging scores with respect to tumor
location in the parotid gland are listed in Table 6. Among
Table 5. Results of ARFI imaging of malignant tumors accord-




High (n = 12)
ARFI imaging score ARFI imaging score
1 2 3 4 1 2 3 4
Parotid gland
Superficial lobe 0 0 4 0 0 0 2 8
Deep lobe 0 4 0 0 0 0 0 1
Submandibular gland 0 0 0 1 0 0 0 1
Sublingual gland 0 1 0 0 0 0 0 0
ARFI = acoustic radiation force impulse.
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nant) and 27 (22 benign and 5 malignant) were located
in the superficial and the deep parotid lobe, respectively.
Regarding the diagnostic accuracy of the ARFI imaging
score in predicting the malignancy of tumors in the
superficial parotid lobe, the sensitivity, specificity and
accuracy were 100%, 66.4% and 69.7%, respectively. In
contrast, the corresponding sensitivity, specificity and
accuracy were 20%, 77.3% and 66.7%, respectively, for
tumors in the deep parotid lobe.DISCUSSION
In our elastography analysis, ARFI imaging yielded
slightly higher sensitivity, specificity and accuracy than
conventional SE.
The diagnostic accuracy of conventional SE in this
study tended to be lower than that reported previously
(Cortcu et al. 2018; Karaman et al. 2019). The eSie
Touch imaging used in this study as conventional SE
was selected on the basis of numerical parameters (strain
quality indicator >50). However, previous studies, with
diagnostic accuracies >80%, may have had image selec-
tion bias. It is also possible that the wide range of diag-
nostic accuracy of conventional SE published in
previous reports (55.4%94.0%) might have been
caused by image selection bias and the experience levelTable 6. Results of ARFI imaging scores with respect to tumor
location in the parotid gland
Status ARFI imaging score
1 2 3 4
Superficial lobe
Benign 9 76 26 17
Malignant 0 0 6 8
Deep lobe
Benign 2 15 2 3
Malignant 0 4 0 1
ARFI = acoustic radiation force impulse.and skill of examiners (Bhatia et al. 2010;
Dumitriu et al. 2011; Celebi and Mahmutoglu 2013;
Li et al. 2016; Cortcu et al. 2018; Karaman et al. 2019).
In ARFI imaging, the selection bias is removed
because only one image is received for each examination.
Furthermore, as the manual compression technique is not
required, there are no differences based on the examiner’s
ability. ARFI imaging was also found to be highly repro-
ducible in our study, with high concordance rates (96.2%)
of the three measurement scores. Therefore, we concluded
that, from the perspective of the examiner, ARFI imaging
was easier to use than conventional SE.
The diagnostic accuracy of ARFI imaging, com-
pared with conventional SE, was not as high as expected.
ARFI imaging analysis according to histologic classifi-
cation revealed that among the benign tumors, almost all
Warthin tumors (92.0%) received a benign score (1 or
2). In contrast, only 23.5% of pleomorphic adenomas
received a benign score. The others received malignant
scores (3 or 4). Bhatia et al. (2010, 2013) reported the
difficulty in determining the malignancy of pleomorphic
adenoma by elastography (conventional SE) and noted
that this challenge reduced diagnostic accuracy.
Yerli et al. (2012) reported that pleomorphic adenomas
were more difficult to classify than other benign tumors
because of the mesenchyme-like component of pleomor-
phic adenomas. Thus, pleomorphic adenomas are con-
sidered to be a source of the decreased specificity and
diagnostic accuracy of ARFI imaging for differentiating
malignant tumors in our study. The results were
reviewed in terms of histologic grade and revealed that
ARFI imaging could not distinguish pleomorphic adeno-
mas from malignancy in the current setting.
In contrast, most malignant tumors (77%) received
a malignant score (3 or 4) on ARFI imaging, although 5
cases received a benign score (1 or 2). In these 5 cases,
no fixed tendency was observed in an examination of
malignant histologic type. However, 4 tumors were
located in the deep lobe of the parotid gland, and 1 tumor
was located in the submandibular gland. The acoustic
push pulse for ARFI imaging may be attenuated at these
deep sites, hindering appropriate imaging. For this rea-
son, we placed our focus on the superficial and the deep
lobes of the parotid gland.
The parotid gland tumors in the superficial and deep
lobes were examined separately. For those in the superficial
lobe, the sensitivity for differentiating malignant tumors
was 100%. In contrast, for tumors in the deep lobes, the
sensitivity was 20%, and results for most malignant tumors
were false negative. This poor sensitivity of ARFI imaging
in the deep parotid lobes was attributed to a small displace-
ment difference between the harder and softer areas, caused
by the inability of attenuated acoustic push pulses to reach
the deep parotid lobe and insufficient acoustic compression.
286 Ultrasound in Medicine & Biology Volume 47, Number 2, 2021In fact, acoustic pulses are strongly attenuated at the deep
lobes of the parotid gland. B-Mode US images of the deep
lobe are not clear because the parotid parenchyma is rich in
fatty components (Bialek et al. 2006). We believe that
when the acoustic push pulse can be adjusted to the appro-
priate intensity, it may be possible to differentiate salivary
gland tumors that could not be previously performed.
Although ARFI imaging does not distinguish pleomor-
phic adenomas and salivary gland carcinomas in this setting,
this disadvantage would affect few treatment regimens for
salivary gland tumors. Unlike Warthin tumors, pleomorphic
adenomas are associated with the possibility of malignant
transformation, and their presence is an indication for sur-
gery (Renehan et al. 1996; Park et al. 2012). Therefore,
ARFI imaging is considered useful for differentiating malig-
nant and benign Warthin tumors, for which a wait-and-see
approach to treatment is applied. In summary, unlike con-
ventional SE, ARFI imaging is an expedient tool in screen-
ing for salivary gland tumors, as there is no need for
compression technique or image selection. In future studies,
it would be necessary to examine the usefulness of ARFI
imaging combined with other methods, such as B-mode and
Doppler, for diagnosis.
This study had several limitations. First, there were
more patients with benign than with malignant tumors.
However, a previous investigation reported a malignancy
rate of 20% among salivary gland tumors, which was simi-
lar to our findings (Sentani et al. 2019). Second, pleomor-
phic adenomas often presented with a false-positive pattern
on ARFI imaging, and thus, the proportion of pleomorphic
adenomas appearing in our participants might have affected
the diagnostic accuracy. Third, the intensity of acoustic
compression during ARFI imaging was not available,
because it is a trade secret. Unfortunately, this meant that
we could not examine its influence.CONCLUSIONS
Compared with conventional SE, ARFI imaging has
the advantage of high reproducibility (96.2%). The diagnos-
tic accuracy of this technique for salivary gland malignancy
is not inferior to that of conventional elastography. Further-
more, ARFI imaging may be useful for differentiating malig-
nant from benign Warthin tumors that do not require
surgery. It is important to note that among the benign
tumors, pleomorphic adenomas often yielded a false-positive
pattern in ARFI imaging in our study. When the diagnostic
accuracy of ARFI imaging for differentiating benign and
malignant parotid tumors was evaluated, the sensitivity was
high for tumors in the superficial lobes but low for those in
the deep lobes. This was attributed to acoustic push pulse
attenuation. The power of the acoustic push pulse needs to
be adjusted to improve the diagnostic accuracy of the sali-
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